T and J3-N84) of Gram-stain-negative, aerobic and rod-shaped bacteria were isolated from the roots of fresh rice plants. The 16S rRNA gene sequence similarity results showed that the similarity between strains J3-AN59 T and J3-N84 was 100 %. Both strains were phylogenetically related to members of the genus Rhizobium, and they were most closely related to Rhizobium tarimense ACCC 06128 T (97.43 %). Similarities in the sequences of housekeeping genes between strains J3-AN59 T and J3-N84 and those of recognized species of the genus Rhizobium were less than 90 %. The polar lipid profiles of both strains were predominantly composed of phosphatidylglycerol, diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine and an unknown aminophospholipid. The major cellular fatty acids were summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c) and C 16 : 0 . The DNA G+C contents of J3-AN59 T and J3-N84 were 55.7 and 57.1 mol%, respectively. The DNA-DNA relatedness value between J3-AN59 T and J3-N84 was 89 %, and strain J3-AN59 T showed 9 % DNA-DNA relatedness to R.
The genus Rhizobium was first described by Frank (1889) and, as is well known, members of this genus are of great agricultural and environmental importance due to their nitrogen fixing ability and they also act as plant-growthpromoting rhizobacteria in the form of endophytes or rhizobacteria in cereal and non-legume plants. Additionally, they have the potential for bioremediation of polycyclic aromatic hydrocarbon, which are responsible for ecological and environmental pollution (Parshetti et al., 2009; Tan et al., 2001; Yanni et al., 1997; Zhang et al., 2012) . Species of the genus Rhizobium have been found in different crops, such as cotton (McInroy & Kloepper, 1995) , maize (Gutiérrez-Zamora & Martínez-Romero, 2001 ), wheat (Sharma et al., 2005) , rape (Chaintreuil et al., 2000) , sugar cane (Bellone & Bellone, 2006) , carrot (Antoun et al., 1998) and rice (Gutiérrez-Zamora & Martínez-Romero, 2001; Peng et al., 2008; Yanni et al., 1997; Zhang et al., 2011) . Endogenous rhizobia have been reported from different varieties of rice in different areas, mainly including Rhizobium leguminosarum, Rhizobium loti, Rhizobium oryza, Bradyrhizobium elkanii, Bradyrhizobium japonicum, Azorhizobium caulinodans, Ensifer (Sinorhizobium) meliloti, Mesorhizobium huakuii and former species of the genus Agrobacterium (Mano & Morisaki, 2008) . Singh et al. (2006) reported that one Burkholderia cepacia strain isolated from rice roots could form nodules with Phaseolus vulgaris. Rhizobial colonization occurs mainly in the plant tissues of the root, stem and leaf but not the real nodule (Dakora, 2003) . Thus, non-symbiotic rhizobia are probably involved in different functions of complex ecosystems. In this study, samples were collected from the Experimental Demonstration Base at the village of Sangyuan, Luannan County, Hebei Province, China. Two strains, J3-AN59
T and J3-N84, were isolated from the roots of fresh rice plants during a study of bacterial diversity in rice (Oryza sativa) roots. The taxonomic position of these strains was determined by phylogenetic taxonomic analysis, and the results imply that these two strains represent a novel species of the genus Rhizobium.
Genomic DNA of the novel isolates and reference strains was isolated from pure cultures by using a DNA Extract kit (Transgen) according to the manufacturer's protocol. Universal primers 27F and 1492R were used for the PCR of the 16S rRNA gene, according to Lane (1991) . Three housekeeping genes, recA, gltA and thrC, were used for investigation so as to confirm the phylogeny of the 16S rRNA gene. PCR amplification and partial sequencing of these housekeeping genes were undertaken according to the method of Martens et al. (2007) . Sequences were aligned with those of related species of the genus Rhizobium using the CLUSTAL X1.83 program (Thompson et al., 1997) . Aligned sequences were analysed by using the MEGA5.0 software (Tamura et al., 2011) to reconstruct an unrooted tree with the neighbour-joining method of Saitou & Nei (1987) . The robustness of the tree topology was calculated by bootstrap analysis based on 1000 replications of the sequences (Felsenstein, 1985) .
About 1440 bp of the 16S rRNA genes were amplified and sequenced for strains J3-AN59
T and J3-N84. Sequence similarity between strains J3-AN59
T and J3-N84 was 100 %. They were closely related to Rhizobium tarimense PL-41 T with gene sequence similarities of 97.43 %. The sequences of J3-AN59
T and J3-N84 formed a separated clade with known species of the genus Rhizobium (Fig. 1) . Housekeeping genes gltA, recA, and thrC were selected for this study. The similarities of the housekeeping gene sequences between the test strains and the recognized species of the genus Rhizobium were less than 90 %, and phylogenetic trees showed that the two novel isolates formed a phylogenetic cluster with type strains of species in the genus Rhizobium (Fig. S1 , available in the online Supplementary Material).
Yeast mannitol agar plates were used to observe colony morphology of strains. Light microscopy (Olympus BF51TF) was used to examine cell morphology. NaCl range for growth was tested on Yeast mannitol agar (YMA) medium (Zhang et al. 2012 ) containing 0-5 % (w/v) NaCl. The pH range for growth was also estimated in YMA liquid medium (same as YMA without agar) ranging from pH 5 to 11; 1 M HCl or 1 M NaOH were used to adjust the pH of the YMA medium after sterilization. Growth was assessed at temperatures of 4, 10, 15, 30, 40 and 60 u C (Gao et al., 2004) . Utilization of various carbon sources was examined by GN2 MicroPlates (Biolog) in comparison with other closely related reference species of the genus Rhizobium. YMA plates were used for culture growth, and a 48 h growth culture was used to inoculate the GN2 MicroPlates according to manufacturer's instructions. Utilization of sole carbon and nitrogen sources was determined according to the methods of Gao et al. (2004) and Dong & Cai (2001) . For comparison, the reference strains used in this study were R. tarimense ACCC 06128
T and Rhizobium petrolearium SL-1 T . Comparison of the characteristics of novel strains J3-AN59
T and J3-N84 with those of other closely related species of genus Rhizobium is shown in Table 1 and Table S1 .
Fatty acid profile is an important functional tool for the identification of members of the genus Rhizobium and related genera (Tighe et al., 2000) . In present study, R. tarimense ACCC 06128 T and R. petrolearium SL-1 T were used as reference strains. All strains were grown on YMA medium for 2 days at 30 u C. Cells were saponified and 
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Ochrobactrum anthropi ATCC 49188 T (CP000758: 1084028-1085503) transmethylated using the method described by Sasser (1990) and the fatty acid methyl ester extracts were separated with the help of the MIDI Sherlock Microbial Identification System (Library RTSA6 6.0, MIDI Sherlock software package, version 6.0; Agilent 6890N). In present study, the main cellular fatty acid components of the novel isolates and reference strains were summed featured 8 (C 18 : 1 v7c and/or C 18 : 1 v6c) and C 16 : 0 , which are the typical components of root-nodule bacteria (Tighe et al., 2000) . However, strains J3-AN59 T and J3-N84 could be distinguished from related species by the lack of C 16 : 0 3-OH, C 18 : 0 3-OH and C 19 : 0 cyclo v8c, as shown in Table 1 . Polar lipids were extracted and then examined by twodimensional TLC and identified by using procedures described by Minnikin et al. (1979) and Collins & Jones (1980) . The biomass used for analyses was obtained from cultures growing in yeast mannitol liquid medium on a rotary shaker at 28 uC for 3 days. Strains J3-AN59
T and J3-N84 shared similar polar lipid profiles. Major polar lipid components of both strains were phosphatidylglycerol, diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine and one unknown aminophospholipid. Minor amounts of an unknown aminolipid and an unidentified lipid were also detected in J3-AN59 T . The same aminolipid was also detected in J3-N84, but no unidentified lipid was found. The major difference between the two novel isolates and R. tarimense ACCC 06128 T was that an unknown glycolipid and a second unidentified lipid were found in R. tarimense ACCC 06128 T but not in the two novel isolates (Fig. S2) .
DNA-DNA hybridization is considered to be a standard method for species definition and the recommended minimum relatedness value for strains of the same species is 70 % (Graham et al., 1991; Wayne et al., 1987) . For the determination of the DNA base composition and DNA-DNA relatedness, total DNA was extracted from each strain by using the method of Marmur (1961) . DNA relatedness values were determined by using the spectrophotometric method of De Ley (1970) . The DNA-DNA relatedness value between J3-AN59 T and J3-N84 was 89 %, which is above the species threshold of 70 %, indicating that they represent the same genomic species. Strain J3-AN59 T showed 9 % DNA-DNA relatedness with the most closely related strain, R. tarimense ACCC 06128 T , which was much lower than the recommended threshold value. These results demonstrated that strains J3-AN59
T and J3-N84 belong to a different genomic species from recognized species. Determination of the DNA G+C content of strains J3-AN59 T and J3-N84 was by the thermal denaturation method with Escherichia coli K-12 as a standard (Marmur & Doty, 1962) . The DNA G+C content (mol%) of strains J3-AN59 T and J3-N84 was 55.7 and 57.1 mol%, respectively.
To assess its symbiotic potential, a nodulation test was performed by using Phaseolus vulgaris and Medicago truncatula. Glycine max, Trifolium repens, Pisum sativum and species of the genus Vicia all grow widely in the north of China. Detailed methods of seed surface sterilization, germination, inoculation and the conditions for plant growth were described in our previous work (Zhang et al., 2012) . Inoculated plants were allowed to grow for one month before being checked for signs of root nodulation. PCR amplification of the nifH genes was performed by using primers and conditions as described by Ueda et al. (1995) , Laguerre et al. (2001) and Raja et al. (2006) . No effective nodule was detected on the legume plants and nifH genes were also not amplified by several pairs of primers.
Different characteristic features such as source of isolation, biochemical characterization, DNA G+C content, fatty acid profile, 16S rRNA, recA, gltA and thrC gene sequence similarity, and DNA-DNA hybridization were used to differentiate J3-AN59
T and J3-N84 from phylogenetically related taxa. On the basis of results obtained in this study, we propose that strains J3-AN59
T and J3-N84 represent a novel species of the genus Rhizobium, and our proposed name is Rhizobium rhizoryzae sp. nov.
Description of Rhizobium rhizoryzae sp. nov.
Rhizobium rhizoryzae (rhiz.o.ry9zae. Gr. n. rhiza root; L. gen. n. oryzae of rice; N.L. gen. n. rhyzoryzae of rice roots).
Gram-stain-negative, aerobic and no spores. Cells are rodshaped with diameter 0.5-0.761.0-1.8 mm. Forms circular colonies, pearl white in colour on YMA at 30 uC. Catalasepositive. Growth occurs between pH 6 and 11 and is optimal between pH 7 and 8. Optimum growth temperature is between 28 and 30 uC; can grow at temperatures from 10 to 40 u C. The results of urease and nutrient tests are both positive. The results of L-phenylalaninase, 3-ketolactose and nitrate reduction tests are negative. Tolerant of up to 4 % (w/v) NaCl; optimal NaCl for growth is 1 %. The following compounds are used as sole carbon sources: D-arabinose, glucose, dextrin, fructose, Dgalactose, inositol, inulin, lactose, calcium malate, maltose, D-mannitol, melezitose, melibiose, pyruvate, rhamnose, sodium acetate, sodium D-gluconate, sodium succinate, sorbitol, starch, sucrose, tartrate, fucose, xylose, DL-aspartic 
